The thermal degradation of N-(salicylidene)-L-leucine was studied under non-isothermal conditions in air atmosphere. For kinetic analysis, the TG/DTA/DTG data obtained at three different heating rates were processed by Friedman, Kissinger-Akahira-Sunose, Flynn-WallOzawa and Kissinger methods. The analysis indicates a complex reaction process which can be best described by the three dimensional (Ginstling-Brounshtein) model D4.
Introduction
Schiff base ligands have significant importance in chemistry. Schiff bases derived from salicylaldehyde can function as polydendate ligands and form stable complexes with transition metal ions [1] [2] [3] . Many Schiff base complexes show excellent catalytic activity in a number of reactions [4] [5] [6] [7] .
Wang et al. have reported L--amino acid Schiff base [8, 9] which has chirality and different properties depending on the substituent. The salicylidine-amino acid Schiff bases were assembled using Cu 2+ ion with neutral planar chelating ligand, phen (or bipy) and the chemical nuclease property of Cu-phen entity that intercalates into DNA groove [10] would be introduced.
Combining with the available medico radionuclide 64 Cu one kind of potential pharmaceutical has been investigated and found to possess antitumour activity and tumour accumulation in vivo-R and S-configuration of Cu-phen complexes were theoretically constructed. The geometries of the complexes were optimized using PM3 method, then ab initio B3LYP 6-31/G* calculation was performed to describe the molecular properties. The single point calculation of the three single crystals of the complexes was carried out with the theory of B3LYP 6-31/G*, the structures with and without solvents were treated separately. All calculations were carried out employing the GAUSSIAN 98 program [11] .
The present article is to investigate the kinetics of thermal degradation of N-(salicylidene)-L-leucine in air atmosphere, under non-isothermal conditions. The kinetic parameters for the decomposition were calculated using Friedman, KissingerAkahira-Sunose (KAS), Flynn-Wall-Ozawa (FWO) and Kissinger methods.
Materials and methods
All the chemicals were of analytical quality and have been used without further purification. Elemental analysis (carbon, hydrogen and nitrogen) has been performed using a Heraeus Carlo Erba 1108 model at Central Drug Research Institute, Lucknow, India. FT-IR spectrum of the compound was recorded on a AVATAR model 330 using KBr pellet. Thermogravimetric analysis were carried out using a NETZSCH-Geratebare GMBH thermal analysis, STA 409 PC. The weight of the sample was constant (10 mg) for all the heating rates of 10, 15 and 20 C/min, upto a temperature of 800 C and air flow of 50 mL/min.
Preparation of N-(salicylidene)-L-leucine
This compound was synthesized by mixing salicylaldehyde in ethanol and sodium salt of L-leucine in ethanol-water (50% v/v) [12] . The mixture was heated and refluxed on a mantle for about 5 hours. The reaction mixture was cooled to room temperature and neutralized with 1:1 HCl. The colorless Schiff base was separated, filtered off, washed thoroughly with deionised water-ethanol mixture followed by ether. The product obtained was dried in a vacuum desiccator. The melting point of the compound was 114 C (Lit. 114 C) [12] . Anal. Calcd. for C13H17NO3; C, 66.38; H, 7.23, N, 5.95. Found C, 66.23; H, 7.20; N, 5.85%. FT-IR (KBr disc, υ, cm -1 ): 2958 (C-H), 1622 (C=N), (C=O), (C-N), 1073 (C-O) and 698 (C-H).
Rate equation
Usually the change in extent of reaction () is used to study solid state reaction kinetics where m0, mt and m  are initial mass, mass at time t and mass at the end of reaction, respectively. Several reaction models [13] using f() or g() are reported in literature. Under nonisothermal conditions in which a sample is heated at a constant rate, the explicit temperature dependence of the rate equation is given by,
If Ea/RT is replaced by x and integration limits transformed equation (3) becomes,
Equation (4) can be written as
p(x) has no analytical solution but has many approximations [14] [15] [16] and one of the most popular being the Coats-Redfern method [17] . This method utilizes the asymptotic series expansion for approximating the exponential integral in equation (5) giving
Plotting the left hand side of equation (6), ln[g()/T 2 ] versus 1/T gives Ea and A from the slope and intercept, respectively [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The model that gives the best linear fit is selected as the correct model.
Isoconversional method
According to the results of International Congress on Thermal Analysis and Calorimetry (ICTAC) kinetic project, isoconversional methods can match up to this challenge among other methods [27] . In non-isothermal kinetics, the Friedman (FR) [28] , Flynn-Wall-Ozawa (FWO) [29, 30] and KissingerAkahira-Sunose (KAS) [31] [32] [33] methods are the most popular representatives of the isoconversional methods.
Friedman's isoconversional method
This method [28] was one of the earliest isoconversional methods, according to which the non-isothermal rate law,
Hence, a plot of ln(d/dT) versus 1/T at each  gives Ea from the slope of the plot.
Kissinger-Akahira-Sunose method
The Kissinger-Akahira-Sunose (KAS) method [31] [32] [33] was based on the following equation
The Ea for different conversion values can be calculated from the linear plots of
Flynn-Wall-Ozawa method
The Flynn-Wall-Ozawa (FWO) method [29, 30] was based on the following equation
for  = constant, ln  versus 1/T obtained at several heating rates yields a straight line whose slope allows evaluation of the apparent activation energy. Figure 1 shows TG-DTA-DTG curves corresponding to the Schiff's base. A weak endothermic effect followed by intense endothermic effect at about 285.40, 288.71 and 292.34 C are observed at different heating rates (10, 15 and 20 K/min). The first two peaks are not accompanied by weight loss which is attributed to melting and crystal deformation of the Schiff base. The weight loss of 97.5, 98.4 and 93.0 % are observed at different heating rates. This total decomposition is accompanied by an endothermic effect with a maximum at 310 C and the decomposition is completed after this period.
Results and discussion

Isoconversional kinetic analysis
Friedman, KAS and FWO methods are used to determine the energy of activation (Ea) at constant several conversion degrees () ( Table 1 ). The plots of ln (d/dT) versus 1/T, ln(/T 2 ) versus 1/T and ln  versus 1/T, corresponding to several conversion degrees () were constructed. In the present study, three different heating rates were used (10, 15 and 20 K/min). Different heating rates give different Arrhenius plots, therefore a series of Ea values can be determined from the slopes of the straight lines at conversion degrees (Table 1) .
According to the Kissinger-Akahira-Sunose (KAS) isoconversional method, straight lines with the angular co-efficient -E/R were obtained and then a series of E  values can be calculated by using equation (9) .
The values of the apparent activation energies obtained by Figure 2 ). The data show that energy of activation independent of conversion (), decomposed product not equilibrium with solid surface. Then, the energy of activation was found to be independent of conversion upto  = 0.94 which indicates that only one mechanism is involved for the decomposition of N-(salicylicdene)-L-leucine in air atmosphere. 
Invariant kinetic parameters (IKP) method
The kinetics parameters are calculated using equation (6) and values are listed in Table 2 . Lesnikovich and Levchik [34] suggested that correlating these values by the apparent compensation effect, ln A = a  + b  Ea, one obtains the compensation effect parameters, a  and b  , which strongly depends on the heating rates () as well as on the considered set of conversion functions. The straight lines ln A versus Ea for three constant heating rates should intersect at a point (isoparametric point [35] ) which corresponds to the true values of the activation energy and pre-exponential factor. These were named as invariant kinetic parameters. Invariant kinetic parameters Einv and Ainv are determined according to literature method, using various combination models and listed in Tables 3 
The plot of
at the different ( Figure 3) heating rates is considered. By using equation (11) , the A value was determined from the slope of the line shown in Figure 4 . Therefore, the corresponding kinetic equation for describing the non-isothermal decomposition process of N-(salicylidene)-L-leucine is given by 
represents the differential form of three dimensional diffusion (D4) controlled reaction. However this is further conformed by masterplot method ( Figure 5 ). The overall masterplot of the compound shown in Figure 6 . The activation energy and pre-exponential factor are also calculated by Kissinger single point method [31] and the thermodynamic parameters of activation can be calculated [36] [37] [38] [39] and data are listed in Table 5 .
A exp(-Ea/RTp) =  exp(-G  /RTp) ( 1 3 )
( 1 5 ) where G  is the Gibbs free energy of activation, H  the enthalpy of activation, S  the entropy of activation and  the Einstein vibrational frequency,  = kBT/h (where kB and h are Boltzmann and Planck's constants, respectively).
The values are calculated at the peak temperature Tp in the DTG curve for the corresponding stage. Table 5 reveals that the value of S  is negative. It means that the activated complexes have greater degree of arrangement than the initial stage. In terms of the theory of activated complex [36] [37] [38] [39] , the thermal decomposition of N-(salicylidine)-L-leucine may be interpreted as slow. This was confirmed by the very high value of activation energy (Ea = 242.31 kJ/mol). The positive values of H  and G  showed that the processes in highly endothermic and is nonspontaneous.
Conclusion
The thermal decomposition of N-(salicylididene)-L-leucine was investigated in detail by TG, DTA and DTG. The process involved melting, solid-solid phase transition and decomposition. The kinetic parameters of decomposition were obtained by the isoconversional and invariant methods. The decomposition reaction is endothermic as shown by the positive value of G  . The three dimensional model D4 can be the most probable model which can give adequate kinetic description for the thermal decomposition of the compound chosen for study.
